We test the effect of a change in the sex ratio on marital assortative matching by social class using a large negative exogenous shock to the French male population due to WWI casualties. We analyze a novel data set that links marriage-level data to both French censuses of population and regional data on military mortality. We instrument the sex ratio in a region with military mortality, which exhibits exogenous geographic variation. We find that men married women of higher social class than themselves (married up) more in regions that experienced larger decreases in the sex ratio. A decrease in the sex ratio from one man for every woman to 0.90 men for every woman increased the probability that men married up by 8 percentage points. These findings shed light on individuals' preferences for spouses. Rather than preferring to marry spouses from the same social class, men seem to prefer to marry higher-class spouses, but cannot do so when the sex ratio is balanced.
Introduction
While the sex ratio has been shown to be an important determinant of marriage market outcomes such as marriage rates (e.g. Angrist, 2002) , we still know little about the effect of the sex ratio on assortative matching. This is despite the fact that positive assortative matching by spouses' characteristics is a well-known and widespread phenomenon, 1 and has important implications for social inequality, income redistribution, fertility, education, and labor supply (e.g. Fernandez and Rogerson, 2001 ). The main challenges in studying the effect of the sex ratio on assortative matching are the lack of appropriate marriage-level data and the endogeneity of the sex ratio.
In this paper, we address these challenges by assembling a new marriage-level data set and using the large exogenous shock World War I (WWI) casualties caused to the French male population to test the effect of a change in the sex ratio on marital assortative matching by social class. We analyze a novel data set that links marriage-level data to both French censuses of population and regional data on military mortality. We instrument the sex ratio in a region with military mortality, which exhibits exogenous geographic variation. We find that men married women of higher social class than themselves (married up) more in regions that experienced larger decreases in the proportion of men in the population.
We exploit the regrettable fact that WWI, one of the deadliest conflicts in recent human history, produced an exogenous and unusually large shock in the French male population. Approximately 16.5% of French soldiers were reported dead or missing after the war (Huber, 1931) . The First World
War in France provides an ideal setting to test the effect of the sex ratio on marriage by social class for the following reasons. First, the ratio of men aged 18 to 59 to women aged 15 to 49 decreased exogenously as a result of the military mortality, from 1,087 men per 1,000 women in 1911 to 992 men per 1,000 women in 1921. 2 Second, military mortality varied substantially across regions, ranging from 10% to 20% (see Figure 1 .1), largely because men served in regiments with others from their regions, and different regiments were sent to battles of different intensities. This variation generated substantial heterogeneity in sex ratios across regions, reaching 864 men per 1,000 women in some regions, which allows us to test the impact of a change in the sex ratio on assortative matching. Finally, unlike in many other wars, military mortality was essentially uniform across social classes, meaning that the distribution of social classes in the population remained largely unchanged by the war. This fact rules 1 See, for example, Hout (1982) , Mare (1991) , Kalmijn (1998) , McPherson, Smith-Lovin, and Cook (2001) , Blossfeld and Timm (2003) . See also Pencavel (1998) and Rose (2001) for trends in assortative matching in the U.S. 2 Since this war was fought in the battlefield, civilian mortality (which is more balanced across genders) was lower than in later major wars such as the Second World War.
out the hypothesis that changes in marriage by class following the war were mechanically driven by changes in the distribution of people across classes.
Analyzing the impact of the sex ratio on assortative matching is not only interesting per se, but may also improve our understanding of the causes of the marital assortative matching observed in so many societies. There are several possible explanations for why individuals tend to marry people with similar characteristics under a balanced sex ratio. One possibility is that individuals have horizontal preferences. That is, they choose spouses with similar social status simply because they derive more utility from marrying people like themselves. 3 Alternatively, individuals may have vertical preferences, and thus prefer to marry others of higher social status, but they cannot, because people of higher social status do not want to marry them. 4 Finally, assortative matching may be a consequence of individuals having the opportunity to meet only people who share their characteristics. If individuals marry by social class because they intrinsically have horizontal preference, or because they meet only potential partners with the same background, an exogenous decrease in the proportion of men in the population would have no effect on assortative matching: men would continue to marry women of the same social class. If instead individuals prefer spouses of higher class than themselves, the same decrease in the proportion of men, which improves the position of men in the marriage market, would enable them to marry women from higher social classes, who were previously inaccessible.
Our empirical analysis uses a new data set that links non-public marriage-level data to French censuses of population and regional data on military mortality. Social classes are assigned to individuals using marriage certificate data that provide detailed information on the specific occupations of the brides, grooms, and their parents. Based on their occupations (or the characteristics of their families for women without occupations), we assign individuals to one of seven ordered social classes using the Historical International Social Class Scheme (HISCLASS) developed by van Leeuwen and Maas (2005a) . This thorough and impressive scheme that maps occupations to social classes is based on several dimensions of occupation such as whether it involves supervision of others, the skill level required to perform it, whether it is manual or not, and the associated economic sector. The classes in HISCLASS were carefully constructed to categorize individuals according to their life chances and reflect their social status. We note that, while social class is correlated with income, it encompasses 3 Sociologists and psychologists have extensively studied people's desire to interact with others who are like them. See
McPherson, Smith-Lovin, and Cook (2001) for a review of the sociology literature on homophily and its causes, and Huston and Levinger (1978) for a review of the experimental psychology literature showing how attraction is influenced by perceived similarities. Banerjee et al. (2009) show that individuals in India have very strong preferences for within-caste marriage. Rose (2005) presents several historical/anecdotal examples in which men are advised or tend to avoid marrying women of higher social status. 4 See, for example, Burdett and Coles (1997) for a theoretical model. several other dimensions that are relevant for marriage. For example, an individual's social class also depends on her level of skill and therefore education, and on the social status and prestige associated with her occupation.
There was considerable assortative matching by social class in France before WWI: 43% of men married women of the same social class, and the distance between the social classes of spouses was 1 or less for 68% of couples. In addition to the information used to assign social class, the marriage certificate data contain information on the place and date of the marriage, based on which we link the marriage-level data with the French censuses of 1911, 1921 and 1926 . These censuses contain region-level information that allows us to construct the sex ratio for all the French départements (regional units), as well as other département-level control variables. Finally, we link the marriage data to regional military mortality data from Huber (1931) .
We use two complementary empirical strategies that exploit the exogenous regional variation in war mortality to analyze the effect of a decrease in the male population on assortative matching by social class. First, we use a difference-in-differences approach where military mortality is the "treatment," to test the hypothesis that men married up more post war in regions with higher mortality.
Second, we use an instrumental variable approach to test more directly the causal effect of the sex ratio on marriage outcomes. Specifically, we use the regional mortality rate as an instrument for the regional sex ratio, which may be endogenous because of factors such as non-random migration. We employ two alternative dependent variables to capture whether and to what degree men married women of higher classes (i.e., married up), namely (i) the difference between the social class of the bride and that of the groom; and (ii) a dummy for whether the groom married a bride of higher class than his.
Overall, we find that the decrease in sex ratio caused by war-related mortality allowed men to marry higher class women. Specifically, a decrease in the (instrumented) sex ratio from one man for every woman to 0.90 men for every woman corresponds to (i) an improvement of the average class of bride for a given class of groom of 0.25, from an average class difference of 0.32 to 0.07.; and (ii) an increase in the probability that men would marry up of 8.0 percentage points.
Starting with the seminal work of Becker (1973 Becker ( , 1974 , economists have devoted considerable attention to understanding marriage markets. 5 Part of this effort has been to understand the impact of a change in the sex ratio on marriage outcomes such as marriage rates and fertility, though not assortative matching. Early examples include Cox (1940) , Easterlin (1961) , Guttenberg and Secord (1983) . A potential problem of these studies, mitigated to a large extent in Angrist (2002) , Charles and 5 For a review of the economics of marriages, see Weiss (1993) . Luoh (2005 ), Brainerd (2007 , and Lafortune (2008) , is that there may be reverse causality between sex ratios and marriage market outcomes.
In addition to these articles, other work has pointed out additional adjustments in the marriage market induced by a change in the relative scarcity of men or women. Rao (1993) , GrossbardShechtman (1993) , Botticini (1999) , Botticini and Siow (2003) and Edlund (2000) suggest that one adjustment is through dowries. Becker (1974 Becker ( , 1981 , Bergstrom (1994) , Willis (1999) , Neal (2004) , among others, suggest that a consequence of the imbalance in sex ratio is the emergence of polygamy, including "serial polygamy" (divorce and re-marriage) and relationships leading to out-of-wedlock births. Becker (1973 Becker ( , 1981 , Chiappori et al. (2001) and references therein point out that a possible adjustment is a change in the share of the surplus generated by marriage that is appropriated by each spouse. In this paper, we highlight marrying above one's own class as another important adjustment, complementary to the ones mentioned above, when the scarcity of men increases.
Another important issue in the empirical literature of the marriage market is the characterization of individuals' preferences for spouses. This characterization is difficult because equilibrium outcomes in the marriage markets are not only determined by preferences, but also by the mechanisms that match men and women. One strand of the literature deals with the identification problem by performing structural estimations of marriage models using marriage outcomes data (e.g., Wong, 2003 , Bisin et al., 2004 , Choo and Siow, 2006 . In a second strand of the literature based on speed and online dating data (e.g., Ariely, Hitsch and Hortacsu, 2006 , Belot and Francesconi, 2006 , Fisman et al., 2006 , Lee, 2007 or matrimonial newspaper advertisements (Banerjee et al., 2009) , the identification issue is overcome by the fact that individuals' decision processes (rather than just final outcomes) are observed in environments where the matching mechanism is controlled. In our paper, the fact that men marry up more in regions with lower sex ratios suggest that, on average, individuals prefer higher-class partners. This favors the hypothesis that assortative matching occurs because in equilibrium individuals cannot marry higher-class people, although they may wish to do so. In contrast to the other papers analyzing preferences for spouse, our strategy relies on the fact that a change in the sex ratio has a different impact on assortative matching depending on people's preferences for spouses' social class.
Moreover, the social ascension of men in post-WWI France that we document enhances our understanding of the economic and social history of France after the Great War. Unbalanced sex ratios are, however, far from being limited to the past. Our paper suggests that we may observe social ascension of women in countries like China and India, where there are disproportionately many men relative to the number of women in the marriage market.
This paper is organized as follows. In Section 2 we describe the historical context surrounding WWI in France. In Section 3 we present the theoretical framework that motivates our empirical analysis of marriage by social class. Section 4 describes the data. In Section 5 we discuss how social classes are assigned to brides and grooms. In Section 6, we present the empirical strategy and results, and in Section 7 we conclude.
Historical Context
The First World War, or the Great War, was a global and deadly military conflict that lasted from July 1914 until November 1918. In this section, we present a brief description of the war-related mortality and its implications for the marriage market in France. The most relevant facts for our analysis are that the draft to the French army was nearly universal and the number of casualties enormous; that the sex ratio decreased dramatically; that military mortality was uniform across social classes; and that women's occupations in the period analyzed were largely unaffected by the war.
Mobilization and mortality during WWI in France: a global phenomenon
During the war, France underwent universal mobilization. Over the war period, about 8 million
Frenchmen born between 1867 and 1899 were drafted or voluntarily enrolled in the army (Huber, 1931) . 6 To highlight the scope of this mobilization, note that 8.8 million men aged 18 to 51 were registered in the 1911 census, and that the overall French population in 1911 was approximately 33.2 million. Exemptions to the draft were extremely rare. During the war, the French army reviewed all exempt cases and drafted a large proportion of men who were initially exempted, including those who had been injured early in the war.
As a result of this general mobilization and the violence of the conflict, military casualties were enormous. A total of 1.397 million men, or 16.5% of the enrolled soldiers and officers, were reported dead or missing in action at the end of the war. Military mortality was quite homogenous across military ranks: about 16% of French soldiers and 19% of French officers died or were reported missing. Similarly, mortality across occupations seems to have been quite uniform. differ slightly between the two tables, the distribution of fatalities by occupation is very similar to that of men in the labor force. 8 Moreover, the comparison between the 1906 and 1921 censuses in Table 2 .2
shows that there were only minor changes in the distribution of the labor force by sector during that period. In particular, note that women's occupations were little affected by the war (see also Becker, 1999 and Downs, 1995) .
Although mortality was uniform across military rank and occupation, there was substantial heterogeneity in mortality rates across geographical regions. In Section 4.3 we discuss this geographic variation in war mortality and its causes in more detail. In addition to military casualties, deaths among civilians were high during the period 1914 to 1918, with the peak of mortality being caused by the 1918 Spanish flu epidemic. Among the civilian population, the mortality rate may have been higher for men than women, and the increase in mortality rate was the most striking for individuals aged 15 to 45. This is potentially another exogenous cause of the unbalanced sex ratio in the post-WWI period.
Deaths from the Spanish flu will be reflected in our measure of the sex ratio but not in our measure of military mortality.
Marriage market in France
The 19 th century and the beginning of the 20 th century in France were characterized by a stable celibacy rate of 10% to 13.5%, and a high marriage rate (Dupaquier, 1988) . The average marriage rate of the 1908 to 1913 period (i.e., the number of new spouses per 10,000 inhabitants) was 158, putting
France at a high rank among European nations. Divorce was a rare phenomenon (around 4-6% of marriages), both before and after the war (Segalen, 1981) .
After the onset of the war, the total annual number of marriages diminished sharply, reaching its lowest value in 1915 (75,200 marriages compared with 247,900 in 1913) . After 1915, the marriage rate started to increase again, though at a slow pace, as a system of regular permissions took place. By 1919, the marriage rate exceeded its 1913 value. More than 2 million marriages took place in the 4 years following the end of the war (Armengaud, 1965) . While the marriage rate increased everywhere after the war, there was heterogeneity by region, with higher marriage rates on the Atlantic coast and in the industrial regions of Paris and Northern France (Huber, 1931) . 1895, the distribution of marriages is literally cut in half with a first part of the distribution before the conflict and the second part concentrated in a few years after the war. To some extent, the cohort 1886-1890 experienced a similar effect. For women born in 1896-1900, the distribution of marriages is characterized by a large and narrow peak after the war.
In addition to the changes in the timing of marriages due to the war, the marriage market was deeply affected by the sharp drop in the male population. The war mortality changed the sex ratio dramatically: while there were 997 men for every 1,000 women in 1911, the ratio became 909 for every 1,000 in 1921 (Huber, 1931 (Huber, 1931) .
As a consequence of the imbalance in the sex ratio, many women remained single in the postwar period. Figure 2 .2 emphasizes the large increase in female celibacy rates as measured by the percentage of singles at age 50. In particular, Table 2 .3 presents the results of regressions of the percentage of single women on mortality (or sex ratio) using census data (described in Section 4) and shows that more women remained single in departements with higher mortality rates. 11 Similarly, Figure 2 .2 shows a large decrease in male celibacy rates among the individuals in cohorts affected by the war, suggesting that some men who would otherwise have remained single got married. Girard (1974) provides detailed information about the ways in which spouses met. For the period 1914-1930, the most common place was in their neighborhood (21%), followed by meeting at friends' places (17%, including 10% of "arranged meetings"), at work (16%) and at a ball (13%).
There was some heterogeneity across the husband's occupation. Managers, employees, skilled workers and farmers were more likely to meet their spouse in their neighborhood, while unskilled workers, salesmen and craftsmen were more likely to meet their spouse at a ball (Bozon and Heran, 1987) .
Theoretical Framework
A robust prediction of marriage models is that the position of men in the marriage market improves with a reduction in the ratio of men to women in the population. The objective of this section 9 15 and 18 years old are the minimum legal ages for marriage for women and men respectively. 10 Authors' calculation from French census data. 11 We classify as single all women who have never been married, are widowed, or are divorced.
is to illustrate one mechanism through which a relative scarcity of men induces them to marry women of higher class.
We consider the impact of a change in the sex ratio on marriage by class under different assumptions about individuals' preferences for characteristics in a spouse and about the constraints they face in the marriage market. 12 For concreteness, we focus on a sudden decrease in the sex ratio when initially the number of men and women in the population were equal. Consider first the cases in which (i) individuals prefer partners with similar characteristics to themselves, i.e., men and women prefer to marry within class (horizontal preferences) and (ii) individuals only meet partners from their own class. In both cases, the analysis of the impact of a change in the sex ratio on marriage by class is straightforward. Men continue to marry women of their own class. The difference relative to the initial situation is that now a fraction of the women in each class remains single.
A natural framework to analyze the effect of changes in the sex ratio on marriage behavior when individuals prefer to marry up rather than within class is that of Burdett and Coles (1997) and Bloch and Ryder (2000) who apply to the marriage market the matching framework pioneered by Mortensen (1982) , Diamond (1982) and Pissarides (1990) . Burdett and Coles (1997) and Bloch and Ryder (2000) consider a marriage market with search frictions and heterogeneous agents. Each individual, man or woman, is characterized by a single real number; this number corresponds to an attractiveness index that measures how attractive the individual is to potential partners. If a man and a woman marry, the woman's gain from the marriage equals the man's index and man's gain from the marriage equals the woman's index. So, individuals gain more by marrying higher-index individuals. A crucial aspect of the model is that singles in the market meet singles of the opposite sex only every now and then − the search friction. When two singles meet, they observe each other's attractiveness index and decide whether to propose or not. A marriage occurs if both singles propose. If at least one of the singles does not propose, they separate and continue searching for another partner. Search costs are embodied in a discount factor that captures individuals' impatience to get married. A single's decision to propose given contact with a potential partner depends on (i) the partner's index, (ii) the rate at which the single meets other singles of the opposite sex, and (iii) the single's expectation about who will propose to her (or him) upon contact.
In this marriage market, proposing today as opposed to waiting introduces a tradeoff. Waiting allows the possibility of a higher index match, but is costly since individuals discount the future.
Classes emerge endogenously in equilibrium. Singles partition themselves into classes according to their index levels. To illustrate why this is the case, suppose that the attractiveness indices of men and women lie in the interval [0, 1] . Consider now the problem faced by a man with the highest index.
Every woman proposes to this man, thus he faces an unconstrained search problem. Consequently, his optimal strategy is a threshold strategy, i.e., to propose to women whose indices are above a given value, and not propose to other women. Let w 1 <1 denote this threshold value. A consequence of this behavior on the men's side is that women with index in ( We now analyze the impact of a sudden reduction in the male population on equilibrium marriage behavior using this framework. A reduction in the male population affects the marriage market by affecting the rate at which singles meet. Assuming that a reduction in the male population (while keeping the female population constant) reduces the total number of meetings between singles, one immediately obtains that the meeting rate for single women decreases. Since a reduction in the meeting rate reduces a woman's prospects of meeting potential partners in the future, her valuation of rejecting a man in a contact and remaining single decreases. Thus, women become less selective and are willing to accept men of lower quality. Formally, with a reduction in the male population, there is a re-definition of the men's classes. Let m 1 , m 2 , m 3 ..., m n denote the thresholds that initially define men's classes. A reduction in the male population implies a reduction in those thresholds. If that reduction is sufficiently severe, the number of classes of men may decrease. 13 If we additionally assume that with a 13 For a formal analysis of the impact of a change in the number of men on men's classes see Bloch and Ryder (2000) .
reduction in the number of men the rate at which single men meet single women increases, then women's classes also change. With a higher rate of meeting single women, a man's valuation of rejecting a woman in a given match and remaining single increases. As a consequence, men can afford to become more selective. Formally, this implies an increase in the thresholds w 1 , w 2 , w 3 ...,w n that define women's classes. A consequence of a decrease in thresholds m 1 , m 2 , m 3 ...,m n and/or an increase in thresholds w 1 , w 2 , w 3 ...,w n is that men tend to marry higher-quality women. Putting it in terms of classes, and fixing classes as being those prior to the change in the sex ratio, this means that men of a given class now marry women of higher classes and women of a given class now marry men of lower classes than they did before the decrease in the male population.
Other marriage models suggest other adjustments of the marriage market as responses to a relative scarcity of men. For example, in Becker's (1973 Becker's ( , 1974 Becker's ( and 1981 frictionless model of the marriage market, an increase in men's scarcity leads the average man to appropriate more of the surplus generated by his marriage. More recently, Chiappori, Fortin and Lacroix (2001) presented a model of household bargaining and the distribution of resources inside the family. In their model, a reduction in the sex ratio increases men's bargaining power both within the household and in the marriage market. 14 Unfortunately, we do not have information on relative bargaining power within the household, so we cannot test this interesting implication of these theories.
Data
We use data from several sources, including a non-public marriage-level data set, pre and postwar French censuses of population, and geographical data on the number of French war casualties.
Because most of these data are unique and have not been used before, this section presents and discusses them in some detail.
The TRA data set
The TRA data set is the result of a survey, "l'enquête des 3,000 familles", that collected data on the descendants of 3,000 couples who got married between 1803 and 1832 in metropolitan France.
This project, undertaken by the Ecole des Hautes Etudes en Sciences Sociales, aims at analyzing social and geographical mobility in France in the 19 th and 20 th centuries. Dupaquier (2004) presents in detail the sampling design and logistics of the data collection. We briefly summarize these below.
The 3,000 families selected between 1803 and 1832 were representative of the French population at the time (one family per 10,000 inhabitants) living in mainland France. Data on birth, marriage and death certificates were collected. Geographical quotas were used to ensure geographical representativeness: the number of couples sampled per département was proportional to its population from the 1806 census. 15 Then, in each département, a random sample of couples was drawn among those whose name starts with the letters "TRA," such as Trarieux, Trabit, etc… The letters TRA were chosen to allow names from various local dialects to be represented in the sample, as well as to ensure representativeness of all the social classes (Pélissier et al., 2005) . Specifically, names starting with the letters TRA are believed to cut across all social classes in France. Naturally there are other ways to randomize to ensure representativeness, but selecting TRA names is more practical than most because documents in archives are typically organized by name. The descendants of the TRA families and their spouses were followed until 1986. To avoid an exponential growth of the sample size over time, the descendants of women (who lost their TRA name upon marriage) are not included in the sample.
Dupaquier (2004) points out two potential biases in the TRA data set. The aristocracy might be underrepresented, and foreign males who came to France after 1832 are not included in the sample. 16 We obtain access to data from marriage certificates in two periods around WWI: 1909 WWI: -1914 WWI: and 1918 WWI: -1928 . These data contain the following information: year and département of marriage, ages and occupations of both spouses, and occupations of their parents. 17 In addition, we know whether the marriage took place in a rural area. We have observations on 1,688 marriages before the war and 4,509 after it.
The French censuses
The French census data for the years 1906, 1911 and 1921 16 Nobles may sometimes be classified under the letter D (because they are called "de Tra" rather than "Tra"). Some nobles might thus have escaped the original design. In addition, while the proportion of farmers is correct when considering the period over which the overall TRA data set was collected (i.e. 1803-1986), farmers seem to be over-represented in the resulting sample for the period 1970-1986. This may raise some selectivity issues. To deal with this, the descendants of 3,000 additional "TRA" couples who married between 1803 and 1832 have been followed. The sample we use is based on the data set constructed with all of the 6,000 TRA families (source: email conversation with Jean-Pierre Pélissier). 17 Occupations are missing for about 5% of the grooms and 12% of the brides, and for over 40% of their parents.
which we define as the ratio of the number of males aged 18 to 59 to the number of females aged 15 to 49, the age groups defined by the French census as marriageable age. The average sex ratio is 1.12 in 1911 and 1.02 in 1921, when it ranges from 0.86 to 1.23.
We also construct indicators of women's occupations to capture, although imperfectly, the distribution of social class of potential brides faced by grooms. 18 Table 4 .1 presents descriptive statistics of these variables for before the war (1906 19 or 1911) and after the war (1921) . 20 It shows that there were few changes in the occupation structure of women. The only notable change is a shift from self-employment to working as employees.
The military mortality data
Huber (1931) provides the proportion of soldiers reported dead and missing by the military region in which they were enlisted. During WWI, continental France was separated into 22 military regions (Boulanger, 2001 ). While they do not exactly match administrative regions, we can allocate each département to a particular military region. We link marriages to regional mortality data based on the départements in which the marriages occurred. correspond to a mortality rate of 11.9% or lower and regions marked in the darkest red correspond to a mortality rate of 20% or higher.
In addition to the natural randomness associated with war casualties, a few other factors explain the regional heterogeneity in military mortality rate. During the first two years of the war, men residing in the same military region were typically sent to the same war zone. This was because soldiers served in their military regions of residence, or were sent together to the battlefront to complement the troops of the northeastern regions where most of the fighting was taking place (Boulanger, 2001; Maurin, 1992 (Becker, 1999) . From 1916, men from different military regions were more mixed together at the battlefront, but the mixing was imperfect and some regional differences in mortality persisted.
Assigning social classes based on the Historical International Social Class Scheme
We use the data on individuals' specific occupations from the marriage certificates to allocate brides and grooms to social classes. on observations in plants and businesses that assign grades along these dimensions to over 10,000 occupation categories in US. In cases where the DOT and the experts disagreed, the experts' opinions were taken. To increase the sample size in each class, in this paper we use the version of HISCLASS condensed into the following 7 social classes (class 1 being the highest, and class 7 being the lowest):
• Class 1: Higher managers and professionals
• Class 2: Lower managers and professionals, clerical and sales personnel
• Class 3: Foremen and skilled workers
• Class 4: Farmers and fishermen
• Class 5: Lower-skilled workers
• Class 6: Unskilled workers
• Class 7: Lower-skilled and unskilled farm workers This 7-class classification has been used in other works, and in particular in works using the TRA data set, to study social mobility and endogamy (Pélissier et al., 2005 , Holt, 2005 , Bull, 2005 , Schumacher and Lorenzetti, 2005 , Arrizabalaga, 2005 , Lanzinger, 2005 , Dribe and Lundh, 2005 , Van de Putte et al., 2005 , Bras and Kok, 2005 , van Leeuwen and Maas, 2005b , 2005c . Table 5 .1 provides examples of occupations for each of the classes for men and women.
In Table 5 .2, we present the distribution of brides and grooms when classified according to the above 7 social classes. Classes 3 and 5 are the most numerous among brides, while classes 3 and 4 are the most numerous among grooms.
This occupation-based classification does not assign classes to brides without occupations (34% of the brides in our data). We use three alternative ways to deal with this issue. First, we exclude brides without occupations from the analysis. Second, we impute class for brides without occupations based on the individual and location characteristics that predict class for brides with occupations (see Table A1 in Appendix A). Specifically, we first use pre-war marriage data for brides with occupations to estimate the relationship between bride's class and the classes of their groom, father, and mother;
indicators for whether parents' classes are missing and for whether parents are dead at the time of the wedding; an interaction of these variables with an indicator for whether the wedding took place in a rural area; bride's age; and city size. Then, we use this relationship to impute classes for brides without occupations. We note that for brides without occupations, however, we do not want to use groom's class to impute bride's class because this will impose the same relationship between spouses' classes pre and post war, whereas vertical preferences imply that this relationship differed pre and post war.
Therefore, for the imputation of the class of brides without occupations, we use the relationship we estimated above, but, in place of the class of the groom, we use the pre-war average class of the grooms among brides without occupations in the departement. The underlying assumption is that the average class of these grooms pre-war is informative about the classes of the brides without occupations in a given region. The average imputed class of brides without occupations is 3.87 before the war, and 3.85 after. 22 Finally, as a robustness check, we use an alternative imputation method: we impute the classes of brides without occupations with their fathers' classes. The main drawback of this second approach is that father's class is often missing (37.0% of the observations among brides without occupations), and not necessarily at random.
There are a few potential issues with using occupations as a measure of social class to compare assortative matching before and after the war. First, the unbalanced sex ratio could potentially induce individuals to change their occupations. This does not seem to have occurred in the short period analyzed in this paper, as the occupation distribution of men and women in the labor force changed very little after the war (see Table 2 .2). Furthermore, we control for the distributions of women's occupations in each department to account for department-specific potential changes in women's labor force opportunities. Second, the unbalanced sex ratio may change age at marriage, which in turn may affect occupation at marriage. To address this potential issue, we control for the ages of brides and grooms, which allows us to capture the effect of the sex ratio on social class that goes beyond its effect on age.
Empirical strategy and results
If men and women prefer higher class spouses, then we would expect men (women) to marry higher class women (men) when the sex ratio, i.e. the ratio of men of marriageable age to women of marriageable age, is lower (higher). Table 6 .1 presents the average class of the brides for each groom's class before and after the war. It shows that, outside of class 3 grooms, men married women of higher class (lower index) after the war than before the war.
Before testing our main hypothesis, we establish that before WWI people tended to marry within class. We then use a difference-in-differences approach to test whether men married women of higher social class than themselves (married up) more post war in regions where more men died.
Finally, we instrument the sex ratio in a region with military mortality to test more directly the effect of the sex ratio on assortative matching.
Pre-war assortative matching by social class
We use pre-war data to test whether people marry within class as opposed to randomly. We do so by examining the distribution of social distance, defined as the class of the bride minus the class of the groom, among pre-war marriages. When people marry within class, the social distance is zero.
To implement this test, we compare the realized distribution of social distance with the distribution we would expect under the null hypothesis that pre-war grooms married randomly. Using a bootstrapping method, we construct 95% bootstrap confidence intervals for the distribution of social distance under the null hypothesis of random matching. Specifically, denote the number of pre-war marriages in our sample by N. From the distribution of groom classes, we draw N grooms randomly with replacement; from the distribution of bride classes we draw N brides randomly with replacement.
We match the list of grooms with the list of brides, and derive the distribution of social distances for this simulated set of marriages. We repeat this process 1000 times and construct the 95 percent confidence interval. The observed points in Figure 6 .1 show the actual distribution of pre-war social distance for the marriages in our sample. The observed distribution lies outside the confidence interval for most social distances. For brides and grooms of the same class, the observed proportion is nearly twice as large as the upper boundary of the confidence interval. For the other social distances between -4 and +4, the observed proportions lie close to or below the lower bounds of the confidence intervals.
For the extreme social distances, the observed proportions are approximately zero.
Overall, the figure clearly rejects the null hypothesis of random matching. Grooms in the prewar period were much more likely to marry brides of their own social class than chance would dictate, and were much less likely to marry brides who were socially distant from them.
The effect of military mortality on assortative matching: difference-in-differences approach
To test the hypothesis that men married up more post war in regions with high mortality, we estimate difference-in-differences regressions where military mortality is the "treatment." In particular,
we estimate:
where i is a marriage, j is a military region, and t is the year of the wedding. We use two alternative dependent variables Y: (1) the difference between the class of the bride and the class of the groom (a lower value means the man married up more); and (2) a dummy for whether the groom married a bride of his own class or higher. as variables capturing the occupational distribution of the population of women in the area. Z ijt are additional controls that vary at the individual level such as groom class dummies, age and whether the marriage took place in a rural area. The variables used in the analysis are described in more detail in Appendix B. We cluster standard errors at the military region level. Table 6 .2 shows the estimation results of equation (1). The regressions suggest that men were more likely to marry up after the war in places with higher mortality rates, as the coefficients of mortality interacted with the post-war dummy are of the right sign and statistically significant at 1% in all the specifications. For example, in the regressions predicting whether the groom married up (columns 3 and 4), the coefficient on military mortality interacted with the post-war dummy is 0.021 in the specification excluding brides without occupation, and 0.018 in the specification where the class of the brides without occupation is imputed. This coefficient implies that in a region where the military mortality is 20%, the probability that a given groom marries up is 18 percentage points higher than in a region where the military mortality is 10%, from a pre-war average of marrying up equal to 59.5%. 24 We note that in all the regressions, the coefficient associated with the mortality rate is not statistically significantly different from zero, suggesting that the pre-war marriage patterns in regions that experienced low mortality during the war were similar to those in high mortality regions.
We include as independent variables the percentages of the female labor force in the different occupations available from the censuses to reflect the composition of the pool of brides available to a groom. The coefficients indicate that men tended to marry women of higher class when the 23 Note that our regressions include only men who actually married, so we face a sample selection issue. Although this means we are unable to test the model's prediction that low class women will be more likely to remain single when men are more scarce, it does not affect our testing of the prediction that men will marry up more when men are more scarce. 24 Note that the estimations do not take into account the proportion of injured by military regions, since no such data are available. A potential concern is that men who were severely injured might have had less marriage opportunities, which may affect our results. After the war, 920,000 of the survivors were eligible to receive a pension from the state because of their disability (Corvisier, 1992) . As a simple exercise, consider the limit case in which all those receiving a pension were unable to get married. Military mortality totaled 1,227,796 men, so the sum of mortality plus injured is 2,147,796. Treating all these men as military deaths implies we should scale our coefficients by (1,227,796 / 2,147,796), which is equal to 0.57. Hence, under this extreme assumption, the coefficients would decrease in magnitude by 43%.
percentages of proprietors (typically owners of very small stores) and employees were higher. We also include an indicator for whether the wedding took place in a rural area, where marriage patterns might have been different. We find that, everything else equal, grooms in rural areas married lower class brides than grooms in urban areas. Finally, we control for the ages of the bride and groom to address the fact that older grooms or brides may have better occupations, and may thus be of higher class. Table 6 .2 shows that, everything else equal, older men and men marrying younger brides were more likely to marry up.
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Our results are robust to the alternative imputation method for brides without occupation; Table   A2 in Appendix A shows similar results when we use father's class to impute bride's class for brides without occupations. In all the specifications with imputed bride classes, the coefficient of interest tends to be smaller in magnitude than that obtained when excluding the brides without occupation.
This may be due to measurement error in the imputed classes of the brides without occupations that biases the coefficient toward zero.
Placebo regressions
As a robustness check, we use pre-war data to estimate difference-in-differences "placebo"
regressions, in which we falsely assume that the war took place between 1911 and 1912. This allows us to test for pre-existing regional differences in marriage patterns. We expect this placebo treatment to have no effect on marriage patterns. Table 6 .3 presents the estimation results. The coefficients associated with mortality rate interacted with the post-1911 dummy are small and statistically indistinguishable from zero. This suggests that the results presented in Table 6 .3 are not driven by changes in marriage patterns that occurred right before the war.
The effect of the sex ratio on assortative matching: an instrumental variable approach
To directly test the effect of the sex ratio on assortative matching, we instrument the sex ratio in a region with regional military mortality rates. We need to instrument for the sex ratio because, as pointed out in the literature (e.g., Angrist, 2002, Kerwin and Luoh, 2005) , studies that analyze the impact of the sex ratio on the marriage market may suffer from omitted variable bias and possibly reverse causality. For example, in our context, a low sex ratio may indicate strong male out-migration.
If migrants are selected positively or negatively according to unobservable variables that are relevant 25 As an additional robustness check, we control for whether the bride or the groom was remarrying (results not presented). The coefficients on these controls are small and insignificant, and their inclusion does not affect the coefficients on the mortality rate.
for marriage outcomes (e.g., groom's ability or health), the random error term in a simple OLS regression of marriage outcomes on the sex ratio may be correlated with the sex ratio.
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For our strategy to be valid, we need an instrument that predicts the sex ratio but is not directly related to marriage outcomes. We use military mortality, which exhibits exogenous geographical variation, as an instrument for the département-level sex ratio. Given the universality of the military draft, military mortality is correlated with the post-war sex ratio. However, we do not expect military mortality to have a direct effect on marriage by social class.
In the first stage, we regress the sex ratio on military mortality interacted with post war and on the same controls used in the second stage. The second stage of our IV specification is:
where i is a marriage, j is a military region, and t is the year of the wedding and the dependent variable Y is defined as before. The independent variable of interest is the sex ratio jt S , which is instrumented with military mortality. We set military mortality to zero for marriages that occurred before the war.
The sex ratio is not measured at the time of the wedding, but rather at the census year closest to the wedding. 27 This introduces some measurement error that will be identical for all weddings taking place in the same year and region. We thus cluster the standard errors at the level of the marriage year interacted with military region.
26 Take for example the case of health (denoted here by ijt H ) as an omitted variable that is correlated with the sex ratio because of migration. The correct OLS specification should be:
where i is a marriage, j is a military region, and t is the year of the wedding and the dependent variable Y is defined as before. The independent variable of interest is the sex ratio. If equation (3) is the correct specification but we omit ijt H from the estimation, the expected value of the estimator of λ will be: S H > ), in which case the estimator of λ will be biased upward. If migrants tend to be in poorer health than non-migrants, the estimator of λ will be biased downward. Note that when we use the difference between the class of the bride and the class of the groom or a dummy for whether the groom married a low class bride as dependent variables, we expect 0 η < to capture that good health improves the groom's position in the marriage market. In the regressions with those dependent variables, we therefore expect a downward bias if migrants are more likely to be in good health than non-migrants, and an upward bias if migrants are more likely to be in poor health. The regression includes military region dummies j α and marriage year dummies t β . As an alternative specification, we replace the year dummies with a post-war dummy. Otherwise we include the same controls as in the difference-in-differences estimation.
Tables 6.4 and 6.5 show the estimation results when excluding and when imputing brides without occupations, respectively. The results suggest that men were more likely to marry up after the war in places with lower sex ratios. The coefficient associated with the instrumented sex ratio is statistically significant at conventional levels in all specifications. The IV regression predicting class difference (column 1 of Table 6 .5) suggests that a decrease in the sex ratio from one man for every woman to 0.90 men for every woman would improve the expected class of bride married by a given groom by 0.25 from an average class difference of 0.32 to 0.07. Columns 3 and 4 of Tables 6.4 and 6.5 present the IV regression results predicting whether the groom married up. In column 3, Table 6 .5, the coefficient on the sex ratio is -0.804, implying that a decrease in the sex ratio from one man for every women to 0.90 men for every woman would increase the probability a given groom married up by 8.0
percentage points.
Using year dummies or a post-war dummy does not change the coefficients. The results are similar when using father's class for brides without occupations (Table A3 in Appendix A), though the coefficients are less precisely estimated. Tables A4 and A5 show the estimation results of equation (2) estimated by OLS. The coefficient associated with the sex ratio mostly has the right sign but is much smaller in magnitude.
This could suggest that endogeneity of the sex ratio is important. The difference between the IV and the OLS estimates is consistent with migrants being positively selected (e.g., in better health).
Some potential concerns when using sex ratio in the year of marriage are that a groom may choose when he marries in order to face a more advantageous sex ratio, and that marriages may be decided on some time before they actually occur. These issues may inflate the coefficients we find on the sex ratio. To deal with them, we use an alternative definition of the sex ratio. We allocate to each marriage the sex ratio closest to the time when the groom turned 18, i.e. when he became legally allowed to get married. 28 Tables 6.6 and 6.7 show that our results are unchanged when using this alternative definition of the sex ratio.
The results in this section and Section 6.2 show that men marry up more in places with higher mortality and lower sex ratio. We take this as evidence that on average men prefer women of higher class, i.e. that men have vertical preferences. As discussed in Section 3, if grooms had horizontal preferences a decrease in the sex ratio, which improves men's position in the marriage market, would not lead grooms to marry up more. Rather, it would leave assortative matching unchanged. Thus, our results favor the hypothesis that the assortative matching by social class that we observe at the beginning of the 20 th century in France occurred because in equilibrium individuals could not marry higher-class people, although they preferred to do so.
We have presented our empirical results under the perspective of men marrying up. However, the counterpart is that women marry down. Our results thus shed light on women's preferences for being married: women prefer marry men of a lower social class than to remain single.
Conclusion
Although the similarity of spouses to each other along various dimensions has been documented, we know little about its causes. This paper uses an exogenous shock to the sex ratio created by WWI mortality in France to identify the underlying mechanisms responsible for marital assortative matching by social class. Overall, we find that the decrease in the proportion of men in the population due to war-related mortality allowed men to marry higher class women. Men experienced "social ascension" by marrying women from classes to which they had little chance of marriage before the war. Similarly, the change in sex ratio led women of higher classes to marry grooms from lower classes than they would have under pre-WWI standards. A decrease in the sex ratio, instrumented for by military mortality, from one man for every woman to 0.90 men for every woman: (a) increased the probability that men married women of higher social class than themselves by 8.0 percentage points, (b) improved the expected class difference for a given groom by 0.25. Our results favor the hypothesis that assortative matching occurs because, although individuals would rather marry higher-class people, they do not receive marriage proposals from them.
This paper illustrates a forgotten consequence common to brutal wars and imbalances in the sex ratio such as the one observed nowadays in China: the change in social mobility through change in marriage behavior. One may wonder whether the war induced a transitional or permanent change in social mobility and social integration. This is left for future research. On this specific front, an obstacle to overcome is the occurrence of WWII which may hinder the analysis of the long-term implications of WWI on social mobility. Another natural extension is to examine the extent of marrying up in other countries that participated in WWI. Such a study could shed light on the differences in social mobility across countries.
Figure 1.1: The geographic variation in military mortality rates
This map shows the geographic variation in the percentage of soldiers killed. Totally white corresponds to a mortality rate of 11.9%, the 5 th percentile; totally red corresponds to a mortality rate of 20.0%, the 95 th percentile. (1911, 1921 or 1926) . The sex ratio is defined as men aged 18-59 divided by women aged 15-49 in the departement. Unmarried women include women who have never been married, widowed women, and divorced women. Standard errors are given in parentheses. Asterisks denote significance at: * 10%, ** 5%, *** 1%. Notes: The dependent variable in the first two columns is the class of the bride minus the class of the groom (thus a greater class difference indicates the groom married a lower class of bride); the dependent variable in the third and fourth columns is a dummy variable for whether the groom married a bride of higher class than himself. The first and third columns exclude brides without occupations; the second and forth columns impute the classes of brides without occupations as described in Section 5. The female occupation variables are expressed as percentages of the female labor force for the departement; the omitted category is workers. Standard errors, clustered at the military region level, are presented in parentheses. Asterisks denote significance at: * 10%, ** 5%, *** 1%. Notes: The dependent variable in the first two columns is the class of the bride minus the class of the groom (thus a greater class difference indicates the groom married a lower class of bride); the dependent variable in the third and fourth columns is a dummy variable for whether the groom married a bride of higher class than himself. The first and third columns exclude brides without occupations; the second and forth columns include brides without occupations and impute their classes as described in Section 5. The female occupation variables are expressed as percentages of the female labor force for the departement; the omitted category is workers. Standard errors, clustered at the military region level, are presented in parentheses. Asterisks denote significance at: * 10%, ** 5%, *** 1%. The female occupation variables are expressed as percentages of the female labor force for the departement; the omitted category is workers. Standard errors, clustered at the military region x marriage year level, are presented in parentheses.
Asterisks denote significance at: * 10%, ** 5%, *** 1%.
class difference married up
Notes: Panel A shows the first stage of the IV regressions, where the sex ratio is regressed on military mortality interacted with post war, and controls; Panel B shows the second stage, where marriage outcomes are regressed on the instrumented sex ratio and controls. The dependent variable in the first two columns is the class of the bride minus the class of the groom (thus a greater class difference indicates the groom married a lower class of bride); the dependent variable in the third and fourth columns is a dummy variable for whether the groom married a bride of higher class than himself. The sex ratio is defined as men aged 18-59 divided by women aged 15-49 in the departement and census period. Brides without occupations are excluded. The female occupation variables are expressed as percentages of the female labor force for the departement; the omitted category is workers. Standard errors, clustered at the military region x marriage year level, are presented in parentheses.
Notes: Panel A shows the first stage of the IV regressions, where the sex ratio is regressed on military mortality interacted with post war, and controls; Panel B shows the second stage, where marriage outcomes are regressed on the instrumented sex ratio and controls. The dependent variable in the first two columns is the class of the bride minus the class of the groom (thus a greater class difference indicates the groom married a lower class of bride); the dependent variable in the third and fourth columns is a dummy variable for whether the groom married a bride of higher class than himself. The sex ratio is defined as men aged 18-59 divided by women aged 15-49 in the departement and census period. Brides without occupations have their classes imputed as described in Section 5. The female occupation variables are expressed as percentages of the female labor force for the departement; the omitted category is workers. Standard errors, clustered at the military region x marriage year level, are presented in parentheses. Asterisks denote significance at: * 10%, ** 5%, *** 1%.
Notes: Panel A shows the first stage of the IV regressions, where the sex ratio when the groom was aged 18 is regressed on military mortality interacted with post war, and controls; Panel B shows the second stage, where marriage outcomes are regressed on the instrumented sex ratio and controls. The dependent variable in the first two columns is the class of the bride minus the class of the groom (thus a greater class difference indicates the groom married a lower class of bride); the dependent variable in the third and fourth columns is a dummy variable for whether the groom married a bride of higher class than himself. The sex ratio at age 18 is defined as men aged 18-59 divided by women aged 15-49 in the departement and census period when the groom was 18. Brides without occupations are excluded. The female occupation variables are expressed as percentages of the female labor force for the departement; the omitted category is workers. Standard errors, clustered at the military region x marriage year level, are presented in parentheses.
Notes: Panel A shows the first stage of the IV regressions, where the sex ratio when the groom was aged 18 is regressed on military mortality interacted with post war, and controls; Panel B shows the second stage, where marriage outcomes are regressed on the instrumented sex ratio and controls. The dependent variable in the first two columns is the class of the bride minus the class of the groom (thus a greater class difference indicates the groom married a lower class of bride); the dependent variable in the third and fourth columns is a dummy variable for whether the groom married a bride of higher class than himself. The sex ratio at age 18 is defined as men aged 18-59 divided by women aged 15-49 in the departement and census period when the groom was 18. Brides without occupations have their classes imputed as described in Section 5. The dependent variable in the first column is the class of the bride minus the class of the groom (thus a greater class difference indicates the groom married a lower class of bride); the dependent variable in the second column is a dummy variable for whether the groom married a bride of higher class than himself. Bride class is imputed for brides with no occupation using the class of the bride's father. The female occupation variables are expressed as percentages of the female labor force for the departement; the omitted category is workers. Standard errors, clustered at the military region level, are presented in parentheses. Asterisks denote significance at: * 10%, ** 5%, *** 1%. The female occupation variables are expressed as percentages of the female labor force for the departement; the omitted category is workers. Standard errors, clustered at the military region x marriage year level, are presented in parentheses. Asterisks denote significance at: * 10%, ** 5%, *** 1%.
Notes: Panel A shows the first stage of the IV regressions, where the sex ratio is regressed on military mortality interacted with post war, and controls; Panel B shows the second stage, where marriage outcomes are regressed on the instrumented sex ratio and controls. The dependent variable in the first two columns is the class of the bride minus the class of the groom (thus a greater class difference indicates the groom married a lower class of bride); the dependent variable in the third and fourth columns is a dummy variable for whether the groom married a bride of higher class than himself. Brides without occupations are given the classes of their fathers. Notes: The dependent variable in the first two columns is the class of the bride minus the class of the groom (thus a greater class difference indicates the groom married a lower class of bride); the dependent variable in the third and fourth columns is a dummy variable for whether the groom married a bride of higher class than himself. The sex ratio is defined as men aged 18-59 divided by women aged 15-49 in the departement and census period. Brides without occupations are excluded. The female occupation variables are expressed as percentages of the female labor force for the departement; the omitted category is workers. Standard errors, clustered at the military region x marriage year level, are presented in parentheses. Asterisks denote significance at: * 10%, ** 5%, *** 1%. Notes: The dependent variable in the first two columns is the class of the bride minus the class of the groom (thus a greater class difference indicates the groom married a lower class of bride); the dependent variable in the third and fourth columns is a dummy variable for whether the groom married a bride of higher class than himself. The sex ratio is defined as men aged 18-59 divided by women aged 15-49 in the departement and census period. Brides without occupations have their classes imputed as described in Section 5. The female occupation variables are expressed as percentages of the female labor force for the departement; the omitted category is workers. Standard errors, clustered at the military region x marriage year level, are presented in parentheses. Asterisks denote significance at: * 10%, ** 5%, *** 1%.
